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Abstract of JP20021 77922 

PROBLEM TO BE SOLVED: To provide a method which is used for recovering valuable materials from 
a discarded printed board such as waste package board and in particular, capable of effectively 
separating and recovering such valuable material, more specifically, metals. SOLUTION: This method 
for recovering valuable materials from a discarded printed board consisting of a resin part and a circuit 
part, comprises dissolving and separating a resin component in the resin part also containing glass 
fiber or the like and thereafter, dissolving metals which are constituent components of the circuit part, 
to recover the metals from the discarded printed board. 
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(54) METHOD FOR RECOVERING VALUABLE MATERIAL FROM DISCARDED PRINTED 
BOARD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method which 
is used for recovering valuable materials from a 
discarded printed board such as waste package board 
and in particular, capable of effectively separating and 
recovering such valuable material, more specifically, 
metals. 

SOLUTION: This method for recovering valuable 
materials from a discarded printed board consisting of a 
resin part and a circuit part, comprises dissolving and 
separating a resin component in the resin part also 
containing glass fiber or the like and thereafter, 
dissolving metals which are constituent components of 
the circuit part, to recover the metals from the 
discarded printed board. 
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* NOTICES • 
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1. This document has been translated by computer. So the trenslstien may not reflect the eri^ial 
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2. **** shows the word which can not be translatsd. 
ZM the drawanfs. any worda are not tranatated 

CLAMS 



[CbMs)] 

[Cbim I] The method of coUectins the valuables from the ifiscarded (Tinted omit board which 
is charsctenzed by Solving and coilectins the metals which constitute said circuit section 
after carrying out (fissobtion separation of the resinous principle of said resin section amons the 
resin sections and the circuit sections which are a method of collecting the valuables from the 
dscarded printed circuit board, and cortstitute said printed circuit beard 
[Claim 2) The method of collecting the valuables from the ifiscarded prbted cvcuit board 
acconfing to claim I using the approach of making a resinous principle the approach of carrying 
out <fissokition separation, and carrying out heating / pressurization hyd-oxylation proceuing. 
[Claim 3] The method of coOecting the valuables from the <£scsrded prvited circuit board 
accorrfing to claim t or 2 for <£ssolving and collecting the metals which constitute said crcuit 
sectioa after exposing the metal side of the drctit section which carried out dissolution 
separation of the resirtous princsple. and was covered in the resin section. 
(Claim 4] The method of colleeting the vaKiafales from the d»carded printed drcutt board 
acconSng to cimm 1 to 3 fwr carrying out the sequential <Sssolutian and eoUecting the base metal 
and noble metals wMch are metals which constituta the drcwt section acconfing to an imfividuaL 
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OETAILED 0ESCRIPT1ON 

(Det^ed Description of the biventiorO 

[0001] 

[Held of the Invention] This nvention rebtei to the approach of separating and eoOaeting 
vakjaMes from printed circuit boards (henceforth a waste substrate), such as a dsearded 
padtace substrate, effectively. 
[00021 

(Description of the Prior Art] Convcntionagy. crush printed circuit boards, such as a (fiscarded 
padugs substrate, and they made the substrate produce a crack etc.. and after exposing the 
cross-section part of the base-metal circuit formed in the su^QorX of a substrate etc they were 
coOecting base metal and noble metab. 

[0003] After dissolving a metal, using a sulfuric acid and the mixed acid of a hydrogen peroxide 
as the recovery approach of such a metal, the method of separating arMl coUeetirtg these metab 
is indicated by JP.51-6124A In case the metal which constitutes a circuit is dissehred. n order 
to raise metaled recovery, in JP.t 1-36020A strong acid, such as a nitric acid, a hydrochloric 
acid and a sulfuric acid. etc. is used. and. recently, cyanides is used. 

[0004] Moreover, in JPi-88725A JP.10-296225A etc.. the approach of crushing and sifting 
out. after heating a printed circuit board at BOO degrees C or more is indicated, in JPJ2000- 
t04128A after crushing a printed circuit board, it heats at 1300-1600 degrees C at a melting 
refinement furnace, and the approach of carrying out melting separation etc. is proposed 
[0005] However, ssice detailed-ization progresses and package-ization b advancing quickly, if it 
is going to process a waste substrate usng grintfing / (fissolution approacK conventionally, only 
by grinding processing of extent a prrited circuit board is difficult to expose most metal sides of 
a circuit, and it must crush it more firwiy in recertt years. Therefore. grir>ding activity cost 
increased and has caused aggravation of crushing work enwonment and complication of a 
grinding process. 

[0006] Moreover, exposve of the base metal which corurtitutes the crcuit tends to become 
imperfect and it b becoming (fifficuH to acquire tfie recovery effectiverwss of the same metal as 
usual. Moreover, in separation / washing activity of the sokition in the metaled (fissoKition 
process that the waste substrate made detailed constitutes a circuit the more crusMng 
proresses. washing tended to become imperfect and. the more the washing cost is ncrease- 
ized. F«thermore, the mixed state, therefore reuse whwh were ground mimjteJy do not progress, 
but recbmation processing of the non-dbsohring mixture which consists of synthetic resin 
crushed minutely and a glass fiber b mainly carried out 

[0007] Although the gbts fber which b the support component of a waste substrate, on the 
other hand, needs whenever [ of 800 deroes C or more wHch receives a heat shock / high 
stoving temperature ] with heating and a screen separation method at the time of cooling, 
separation of a meUl component cannot be eompleitely performed at the wind selection process 
u^ a specific gravity dffenmee. Even if it dbsolves for every separation matter, it becomes 
the sohition with which each metal co mponent was mixed, and the complexity of a puifieation 
process b not canceled but scorification b the way of thinking of collecting the meUb 
acconfing to ndividual from an alloy, and b hard to be eaaed approach of carrying out separation 



recovery efficient easily. 
[0008] 

[Pn)bbni(s) to be Solved by the Invention] As mentioned ebove. in crushmg / dbsolution 
approach of a waste substrate, if it is going to gather metaled recovery, end a waste substrate 
must be crushed minutely and wtD be crushed minutely in thb way. reuse will become difficult 
On the other hand, if it b **** crushing artd a waste substrate b cleared up. metaled recovery 
win faD. Moreover, if the aqua regb which cSssolves both the method of raising, noble meUb. and 
base metal for recovery in coincidence fbreUy was used, since the mixture liquki of nobb metab 
and base metal woiAl be obtMied. the dOemma that a separation process became convOeated 
had arisen. 
[0009] 

[Means for Solving the Problem] Thb invention b made in order to solve the above-mentioned 
technical problem, and it offers how the metal wrhich forms a circuit b recoverabb efRcient 
where noble metab and base metal are moreover divkled in the approach of collecting valuables 
from a waste substrate, without crushing a waste substrate minutely. 

[0010] That b. thb invention b a method of collecting the valuables fiwn the dbcarded printed 
circuit board, and among the resin sections and the circuit sections which constitute the above- 
mentioned printed circuit board, after it cames out dissokjtion separation of the resmous 
pri«ipb of the above-mentioned resin section, it b a method of coOectir^ the vahiabbs from 
the (fiscarded printed circuit board which b characterized by dissohnng and coOecting the metsb 
which constitute the abov e -ment i oned circuit section. 

[Oct 1] It is using the approach of carrying out heating / pressurization hytknoxybtion processing, 
for exampb. although especbOy the approach of carrying out (fissokition separation of the 
above-mentioned resinous principb b not Kmited in the method of coOecting the above- 
mentioned vahiaUes, and after exposing the metal side of the circuit sectbn which owned out 
(fi s sohi ti on separatkm in the above-ii le nt i u ned resirwus principle, end was covered in the above- 
mentioned rosm sectiorv it b desirable in <fissolving srtd coDectir« the metal constitute the 
above-mentioned circuit sectiorv Furthermore, in case dbsohAion recovery of the metal b 
carried out it b desirabb to carry out the sequential dissolution ar>d to collect the base metal 
and noble metab wh«h are metsb Mhich constitute the circuit section accordir« to an indivkluai. 

[0012] TIkjs, a water sokition can be made to be abb to contact heating and pressurizing a 
waste aiAttrata within a reactor, the synthetic-resin comportent lodiich cortstitutes the resin 
section can be changed from a sofid-state to a Bquki it can dbsocbte with a gbss fiber, and 
theSA metab can be effbiently collected by adopting ttie approach of dbsohring the metal 
comfMNient whidi constitutes a circuit from space which th's produced. 
[0013} that b . it become usaUe [ common ackls such as a hydrocMorie add wKch the tooth 
space wMdi the resm section occupied serve as space by the dMwar-mentiened approach . can 
be contact to • solutien in • location (firectly countbss to cotncklence . do not dbsolve nobb 
metab since base metal . such as copper which formed the eireuit within the substrate . will be 
in the condition be exposed to space from the condition covered by rosin . but dbaebe only 
base metal . ] . It becomes wwiecessary eonaequently. to be abb to use an,a4ua repa, a 
cyinidatien salt etc to be able to dbsolw nobb metab. and to separate nobb metab from the 
mixed liquor of base metal and ncWo metab Hie bafere after the dissolution / separation of base 
metal. Therefore, base metal and nobb metab can obtain the sokition separated from the 
beginning, and can aanpGiy • piaifieatien process. 

[0014] Moreover, the time amount which the dasckitien takes at the same time the need of 
making concentration of a sokjtion into high eoneentration in order that the solution which 
(fissolved the metal I9te before since it was easily quidt in the metal «which exposed the sokition. 
and many tocatiofts and coincidence was contacted may dbsolve the metal of the back further is 
lost can be shortened more sharply than before, and necessary minimum has little dbsokition 
vobme and it can carry out Hereafter, the gestalt of operation expUns tlus invention 
concretely. 
[0015] 
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[Embodment of the hvention] Among the resin sectioru and the cvcuit sections which 
constitute a printed circuit board, thb invention b a method of edectng the vakubles from the 
discarded printed circuit board wrhich b dwracterized by dissolving and cotlecting the metab 
which constitute the above-mentioned circuit section, after carrying out dissokAion separation 
of the resinous principle of the above-mentioned resin section. 

[0016] Hereafter, this invention is expbir>ed based on a drawing. Drawin g I, b the chart Fig. 
showing each process in the method of collecting the vakubbs fVom a printed circuit board this 
invention was discarded, drawin g 2 b die flow Rg showing the flow of tiw matter in a resb 
dissokftion washing process, and ^iwing 3 is the flow Fig. showing the flow of the matter in a 
base-metal dissokrtion washing process and a noble-meUb <Sssokition washing process. 
[0017] As shown in drawinn 1 . the method of coUecting the above-mentioned vakisbles of thb 
inventmn consists of the resin <fissokition washing process, the base-metal dbsokition washmg 
process, and the noble-metab <fissokjtion washing process. 

[0018] In thb invention, a resin dbsokition ws^ng process b performed first the conductor of 
the monobyer in which the sembonductor chip was carried as a target waste substrate by this 
invention, for example, or two or more byers — the padiage sidistrate wWch has a circiit b 
mentioned. 

[0019] As these waste substrates were mentioned above, it consbU of the resin section and the 
circuit section, and. as for the resin section, the gbss fiber etc. is usuaDy contained as 
renforcing materials other than synthetic resirv As a resinous principb which constitutes the 
resin section, an epoxy resin, phenol resin, polyimide resin, polyamkle resin, mateimide resin, etc. 
are mentioned, for example. Moreover, the circuit section consists of t>sse metal, such as Cu, 
akiminum. nickel, and Cr. and ncWe metab. such ss Au, Ag. and Pd, and noUe metals, such as 
Au. are formed as a protective byer for protecting tiie part whbh a circuit exposes from 
oxidation. 

[0020] In the above-mentiorwd resin <fissokition washing process, as shown in ikaymg Z . where 
all the valves are cbsed, a waste substrate b put in into a reactor 1. After opening Valves 5a. 
5d. and 5e. operating chemicals feed pump 2a and pouing in a resin sokition into a reactor 1 vb 
the heat exchanger 4 for preheatir>gs fi^xn the resin <fissokition cistern 3. Valves 5a. 5d. snd Se 
are closed, a reactor 1 is made into a sealing condition, vrith the heater means formed in the 
reactor I, • reactor 1 is heated and pressurized and the resinous principle wt«ch constitutes the 
resin section of a wraste substrate b changed into a Bquid condition ftwi a solid state. 
[0021] And after opening valve 5b and carrying out filtration separation of the liquid convonent 
and soPd-state component in a reactor 1 with a filter 9. the steam which opens the penetrant 
remover and/or 5f of valves which open valve 5c and are poured in from the penetrant remover 
tub 6 with penetrant remover perfusion pump 2b. ar>d b poured in washes the solid-state 
component on a reactor 1 and a filter 9. In addition, the above-mentioned liquid component is a 
mixed liiaior otgect with the resin sokition used for the tfssokrtion of the resinous principle which 
dissobed at the *ove-mcntioned heating / pressurization process, and this resinous principle, 
and the difference of specific gravity can separate this Kquid component into water and a pitch 
aoliAbn product Moreover, the above-mentioned soKd-state component b the dbsokition 
reskfcie containing a gbss fiber and the metal (base metal and nobb metab) which constitutes 
the circuit section. 

[0022] The hatch way for eanr^ in a waste substrate to tfw interior b prepared, and the 
reactor 1 b connected to the heat exchanger 4 br preheatings. a later 9. and a trap 8 through a 
vabe and pjpiig. respectively. As such a reactor 1, the autoclave wfuch b excellent in an 
ebvated temperature, high pressure, and an airtight property can be mentioned, for example. 
[0023] As for the above-mentioned resin sdution, it is desirable that they are Uw water sokition 
SO which contained ahsli chemicals to the wasta substrate I weight section - the 100 weight 
sections. As the above-mentioned shaS chemicals, for exampb. a sodkm hydtaxide, a petsssnm 
hv<koxide. eta. era mentioned, and. as for the pH. being adjusted to 8.5 to about 9.0 is desraUe. 
[0024] Whenever ( stoving temperatwa / of a reactor t ] has desirabb 260-500 derees C. and 
iu 320-480 depees C are mora desiraWa. Although a resinous prine«>b can be compbtely 
dbsebed if a resinous principle may My be unabb to be dissolved as whenever ( sieving 



temperatura ] b less than 260 depoes 0. artd whenever [ stoving ten^>erature ] exceeds 500 
deprees C on the other hand, in order to prevent breakage of a reactor 1, it is necessary to 
consider as very brge-scab equipment and a problem arises in respect of cost The occumng 
gas can be dschsrged outside vb a trap 8 from Sd of valves. bi additkyi. if whenever [ stovii« 
temperature ] (reaction temperatura) b rabed at 295 degrees C or more, the (Sssokition rate of 
a resmous principb «rill improve. The robtion between reaction temperature and weitht 
reAiction of a bminated ctrctnt board (N-PGA waste substrate) b shown in the foOowirv toUe I. 

[0025] 
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[0026] As for the pressurization of a reactor I. it is desirable that it b 12-2SMPa. and it b more 
desirable that it b 14.6-23MPO. A reactor 1 may be damaged if a resinous prindpb may fiilly be 
unabb to be dbsohfed ss pressurization b bss than 12 MPas, and prosswizstion exceeds 
2SMPa(8) on the other hand. 

[0027] As fior heating / prassurizatbn time amount of a reactor 1. it is desirable that it is 10 - 
120 minutes, and it b mora desrsbb that it is 20 - 40 minutes. If a resinous principle may fuDy 
be unable to be tfssolved as heating / pressurization time amount b bss Uian 10 minutes, and it 
exceeds 120 minutes on the other hand, since most advance of the (fissohition of a resinous 
principb win no bnger be seen^ if it continues more than thb. docGne in woriting effiebncy win be 
caused. 

[0028] By heating and pressurizing the waste substrate carried in into the reactor 1 with a resin 
sokition on such condMons, tho resinous prvntipb which constitutes *e ra»n section in a waste 
nAstrate can decompose even into the Gquid conation of a bw-mobcubr condition, and the 
resinous prindpb and gbss fiber which constituted the above-mentioned rosb section e«i be 
separated 

[0029] Subsequently, a base-metal dbsokition washing process b perfermed. As shown m 
AawjQg J . after supplying the dissohition residue of the waste substrata piekad out from tfw 
reactor where all the vabos are cbaad to dbsolver 10 at thb base-metal dissokrtion washing 
process, vaba ISa b opened, a common acid b poured into (fissolver 10 from tho baso-metal 
dbsokAbn ctstem 13 which sterod the sokition of base metal using chenscab feed pinv 12a. 
and the base metal wMch constitutes the crcuit section b dbsobed Then, vabe 15b b opened, 
it fihera with a filter 1 9, basemetal dissohitien residue and base-metal content liquid are 
separated, and base-metal content Equid b stored h base-metal cistern 17a. bi addition, in esse 
the above-mentioned base metal dbsobes. gas occurs, but after thb gas that occurred b 
washed through the gas-scrubbkig tub 14. it b dbcharged outside. 

[0030] Next after closing Vabes ISa and 15b. Vakres 15c and t5d are opened, the penetrant 
remover poirod in by penetrant remover perfusion pump 12c from the perwtrant remover layv 
16 and/or tho steam which opens 15h of vakma and b poured in wash the base-metal 
(Sssokition resi<kie of dissohwr 10. end washing wastewater b stored in penetrant remover 
wastewater tub 1 7b. After this base-metal dissekition wasMhg process b compbtsd all vabes 
are closed again, 

[0031] As a common ackl which dissolves base metal, a hydrocMorie acid, a nitrio add a sulliric 
add a phosphoric add. ate. are mentioned for exampb. For exampb. when udng a hydrechtoric 
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•eid as a common acid, th« concentration haa 3-desirable 6N. TharofM-e. aithouih such an add 
•3 stored in the base-metal d iaa ofa t ion oistem 13 and poured into dtaaolver 10, the techni«je 
wanned in order to shorten <Ss3olutian time amount in that case b not efiminated 
[0032] Subsequently. » noble-metats dissotution washing process is performed At this noble- 
metals dissoh/tton washing process, as shown in drawing 3 . after opening vah/e 1 Se, pouring a 
noble-metals solution into dissolver 10 from the noble-metals d iss olu t ion cistern 14 which 
stored the soluUon of noble metals using ehemicab feed pwnp 1 2b and (fissoMng the noble 
met^ in base-metal (fissolution residue. ISf of valves b operted it f3ter« with a filter 19. noble- 
metals dissolution residue and noble-metats content liquid are separated, and nobte-metals 
content Kquid is stored in noble-metals cistern 16s. In additioa in case the above-mentioned 
noble metals dissolve, gas occurs, but after thb gas that occun-ed b washed through the gas- 
send>bing tub 14. it is (fischarged outside. 

[0033] Next after closing Valves ISe and 15f, Valves 15c and 15g are opened the penetrant 
remover poved in by penetrant remover perfusion pump 12c from the pertetrant remover tub 16 
and/or the steam which opens 15h of valves and b poured in wash the noble-metab (fissolution 
residue of dissolver 10, and washing wastewater b stored in penetrant remover wastewater tub 
ISb. The above-mentioned noble-metals dissolution residue wtwch remained on tho filter 19 is 
the glass fiber wttich was the component of fberglsss reinforced plastics. 
[0034] As a solution wfaeh dissohres the noble metab which constitute the cnt:uit section, an 
aqua regb. cyanidation saltng in Hquid etc. are mentioned for example. For exampiQ. as a 
solution wftich (fissolves noble metals, when usir^ cyanidation salting in liquid, the concentration 
has desirable 0.01 - I mol/L Therefore, although such a solution b stored in the noble-metals 
dssofcxtion dstom 14 and pourod into dbaelver Ift it does not eSminete devbtng the teehni^je 
wanned in Order to shorten tfs solut io n time amount in that case. 
[0035] 

[Example] Hereafter. althou|h an example oxpbins thb invention, thb invention is not limited to 
these examples. 

[0036] In example 1 this example, valuables wero collected for the waste substrate of a pbstie 
package (BGA) substrate. Drawin g 4 b the sectional view showing a pbsUc package s^strate 
typically, the circuit section 22 which consists of base metal, such as copper, is formed on the 
base substrata 23 corttaining a glass fiber, and the enveloping byer 21 which consists of noble 
metals, such as gold b formed in the both ends ^kh a cirouit exposes. 
[0037] In thb example, after putting the waste substrata (2.1 9761 g/(sheet}) of the plastic 
package substrate of such a configuration into a reactor. \00g of so<fium-hydh>xide water 
solutions a<Susted to pK8.5 was poured into thb reactor, artd it decompressed and washed after 
heating and pressurizing and hokfmg for 10 minutes to 320 degrees C af>d ISMPa And it msed, 
after dissolving the base metal in dbsolutian residue (Cu) using a 4-N hydrochloric acid, and 
subsequently, it rinsed, after dissolving noble metals (Au) with an aqua regb. Consequently, as 
shown in Table 2. to the following example 1 of a comparison perftormed with the conventional 
method 434.l6nig was recoverable, since [ 271 times as many as thb ] goU was exposed from 
the beginning, a difference <d not produce copper, and the same amounU as 0.03mg were aUe 
to be collected. 

[0038] Alter carrying out comparatively Vmo waste substrates of the pbstie package substrate 

of the same eonfigiration as exanvio of eompariaon I example 1. aqiA-regb processing was 

carried out and base metal (Cu) and noble metab (Au) were eoPeeted to coincidence. The result 

b shown in Table 2. 

[0039] 
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[0040] as a result of processing the waste substrate (1.80957g/(sheeO) of a plastic package 

cttetrate wMeh b dMerent in example 2 example 1 on the same corxfitions as an example I. it b 

ritewn in Table 3 — as — the example 2 of a comparison — comparmg — copper — 972 times 

as many 350.04mc and gold aa thb — 3.5 times ~ 0.09Sn« was recoverable. 

[0041] After carrying out comparatively two waste substrates of the plastic package substrate 

c* the same conflpration aa exanvie of oemiiarisen 2 example 2. squa-regw processtrtg was 

carried out and base metal (Cu) and noble metab (Au) were eolected to coincidence. The result 

b shown in Table 3. 

[0042] 
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[0043] in example 3 thb example, vskisbles were collected for the wasU substrate of a 
lantanated circuit board Drawim 5 » the sectional view showing a laminated circuit board 
typicaOy. on both sides of the resin insulating layer 24 between layers, two or more layer 
bminatmg formation of the circuit 22 which consists of base metal, such as copper, b carried 
out on the base substrate 23 containing a glass fiber, and the envektphg layer 21 which censisto 
of noble metals, such as gold b formed in the edge wtuch a circuit exposes. 
[0044] After putting hto a reactor the waste substrate (9.229 1 1g/(8heet}) of a lammated circiat 
board shown in drawing 5 . 675g of so<fium-liydoxide water solutions aifiusted to pH8.5 was 
poured into this reactor, and it decompressed and washed after heating and pressurizing end 
holding for 20 minutes to 350 degrees C and 20MPs. And it rinsed after <Sss<;^g the base 
metal in dissobtion residue (Cu) using a 4-N hydrochloric acid, and subsequently, it rirtsed. after 
ifissolving noble metab (Au) with an aqua regb. Coruequently. as shown in Table 4. 12 times as 
many 653mg and gold as thb were able to collect 1.5 times as many 2.969mg as thb for copper 
to the foOowing example 3 of a comparison performed with the conventional method 
[0045] After carrying out comparstively two waste substrates of the bminated circuit board of 
the same configuratwn as example of comparison 3 example X squs-regb processkig was 
canried out and base metal (Cu) and noble metals (Au) were ooOeeted to coinoidenee. The result 
b shown in Tatile 4. 
[0046] 
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[0047] 

[Effect of the invention] If the method of collecting the valuables firom a printed drouit bo«-d 
thb invention was <fiscarded b used so thst clearly from the above expbnatiin. the area which 
the resinous principle occupied wBI become space, the c^ewt metal part eoverod «^ the 
resinous prirtciple b exposed the base metal which constitutes the circuit section can be easily 
dbselved now m a common ecid and the aeparation dbsohitien of it with noUe meUb wUI be 
attamed at the feOowing prooess. For thb reason, the recovery of base metal improves sharply, a 
separation prooeas with noble metab becomes unnecessary, and the contrbution to Mustry b 
brge. 
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